Fractures of the distal humeral articular surface which do not involve the medial and lateral columns are often more extensive than is apparent from plain radiographs. This retrospective study describes the epidemiology of this injury using modern classification systems and compares pre-operative radiography with operative findings. The study group included 79 patients with a mean age of 47 years (13 to 91). The annual incidence was 1.5 per 100 000 population, and was highest in women over the age of 60. The majority of the fractures (59; 75%) were sustained in falls from standing height. Young males tended to sustain more high-energy injuries with more complex fracture patterns. In 24% of cases (19) there was a concomitant radial head fracture. Classification from plain radiographs often underestimates the true extent of the injury and computed tomography may be of benefit in pre-operative planning, especially in those over 60 years of age.
Fractures of the distal humeral articular surface which do not involve the medial and lateral columns are often more extensive than is apparent from plain radiographs. This retrospective study describes the epidemiology of this injury using modern classification systems and compares pre-operative radiography with operative findings. The study group included 79 patients with a mean age of 47 years (13 to 91). The annual incidence was 1.5 per 100 000 population, and was highest in women over the age of 60. The majority of the fractures (59; 75%) were sustained in falls from standing height. Young males tended to sustain more high-energy injuries with more complex fracture patterns. In 24% of cases (19) there was a concomitant radial head fracture. Classification from plain radiographs often underestimates the true extent of the injury and computed tomography may be of benefit in pre-operative planning, especially in those over 60 years of age.
Fractures of the articular surface of the capitellum or trochlea are a distinct, complex subgroup, distinguished from single and bicolumn fractures by the lack of significant metaphyseal extension of fracture lines above the olecranon fossa. These injuries are uncommon, but with an ageing population have assumed an increased importance. Since first described in 1841 by Cooper, 1 they have traditionally been viewed as isolated fractures of the capitellum, but are frequently more complex, involving a greater part of the distal humeral articular surface. There are numerous series discussing their management, [2] [3] [4] [5] [6] [7] but to our knowledge no description of their epidemiology.
The most widely used classification 8 is descriptive and derived from plain radiographs (Fig. 1 ). More recently, Ring, Jupiter and Gulotta 9 described a classification based on operative findings, arguing that the severity of most fractures is underestimated (Fig. 2) . However, this system specifically excludes isolated capitellar fractures and those involving both metaphyseal columns.
The aim of our study was to present the epidemiology of distal humeral articular fractures and to compare the radiological extent of the injury with operative findings, using a modern classification in a well-defined population.
Patients and Methods
We reviewed the medical records and radiographs of all patients attending our unit between 1995 and 2004 with a diagnosis of fracture of the distal humeral articular surface. The hospital is the sole provider of trauma care to a well-defined population. Patients under 13 years of age and those with distal humeral fractures involving one or both metaphyseal columns were excluded from the study, resulting in a study group of 79 patients (24 male, 55 female) with a mean age of 47 years (13 to 91).
Demographic data were collected prospectively in a trauma database which maintained details of age, gender, occupation at the time of injury, mechanism, side injured, state of the soft tissues and associated bone or joint injury. The mechanism of injury was grouped as a fall from standing, fall from a greater height, road traffic accident, sports related accident or assault/direct blow. The occupation of the patients was recorded as professional, clerical, manual, domestic, student, retired or unemployed. Pre-operative radiological review. From anteroposterior and lateral radiographs, fractures were grouped according to the McKee modification of the Bryan and Morrey classification. 8, 10 Type I (Hahn-Steinthal) is a coronal shear fracture with one large capitellar fragment ( Figs 1a and 1b) ; 11, 12 type II osteochondral lesions of the capitellum are known by the eponym Kocher-Lorenz ( Figs 1c and 1d) ; 13, 14 type III fractures include all comminuted fractures of the capitellum. 8 McKee et al 10 added a fourth pattern, noting that in some cases the Hahn-Steinthal 11, 12 fracture extends medially in the coronal plane to include the lateral half of the trochlea. This can be recognised by the double arc sign 10 on a plain lateral radiograph (Fig. 3) . The radiographs were classified independently by two orthopaedic surgeons (ACW, CMR) who were blinded. The level of agreement was assessed by the kappa value. Where there was a difference of opinion, agreement was by discussion and consensus. Associated radial head fractures were classified according to Mason 15 as type I (undisplaced), type II (displaced simple) and type III (comminuted). Operation note review. Two observers (AM, ACW) who were blinded to the outcome of the radiological classification, independently classified the fractures as described in the operation notes according to Ring et al 9 ( Fig. 2) . Again the level of agreement was assessed by the kappa value. Statistical analysis. The demographic data regarding age, gender and injury patterns were analysed using SPSS for Windows version 13.0 (SPSS Inc., Chicago, Illinois). The chi-squared test compared ordinal categorical data with a significance level set at 5%. Assuming the operative findings to be an accurate estimate of the true injury pattern, we assessed the sensitivity, specificity, and positive and negative predictive values of pre-operative radiographs to foretell whether fractures extended beyond the capitellum. Ring classification of distal humeral articular fractures showing a) type I, a single articular fragment consisting of the capitellum and the lateral portion of the trochlea, b) type II, associated fracture of the lateral epicondyle, c) type III, impaction of the metaphyseal bone behind the capitellum, d) type IV, fracture of the posterior aspect of the trochlea, e) type V, fracture of the medial epicondyle 9 (C, capitellum; T, trochlea; ME, medial epicondyle; LE, lateral epicondyle). 
Results
Epidemiology. The annual incidence of distal humeral articular fracture in this largely urban population was 1.5 per 100 000, with a marked predominance in females and a bimodal distribution with respect to age (over 80 and under 20 years; Fig. 4 ). In females, the incidence over the age of 60 was twice that between 20 and 59. The incidence in males was much lower, with a unimodal age pattern and a peak incidence under 19 years decreasing with age and becoming rare over the age of 35. The mean age of fracture for males and females was 27.5 years (14 to 62) and 55.1 years (13 to 91), respectively. Their occupations are shown in Table I and the mechanism of injury in Table II .
The right elbow was injured in 29 patients (37%), the left in 50 (63%). There were significant differences in the mechanism of injury between the genders (chi-squared test, p = 0.002). In males this was typically more high-energy, with a quarter being sustained in motor vehicle accidents; only 11 of 22 men (50%) sustained their injury as a result of a fall from standing height, compared with 91% (48 of 53) in females. In four patients the mechanism of injury had not been documented. (Tables III to VII) . With regard to preoperative radiographs, the kappa value was 0.74, and for the operation note review it was 0.87. These results indicate a very good level of agreement between the two observers.
Patterns of injury
Any differences in the radiological classification of capitellar fractures between males and females (Table III) did not reach statistical significance (chi-squared t-test, p = 0.2). Type I (Hahn-Steinthal) . This was the most common fracture on pre-operative radiographs, accounting for nearly half of the injuries (47%; 37 of 79). The majority were sustained by a fall from standing height. At operation, 28 of the 37 involved the capitellum only and could not be classified using the Ring system (Table III) . Nine patients (Table V) had fractures more extensive than suggested by the pre-operative radiographs and extended onto the trochlear ridge. Of these, three involved only the capitellum and trochlear ridge, five also extended into the medial epicondyle, and one had additional comminution behind the capitellum. Type II (Kocher-Lorenz) . Only six patients had a sleeve type fracture of the capitellum, with equal gender distribution. All but one of these injuries extended beyond the capitel- Lateral radiograph demonstrating the double arc sign. Annual incidence of distal humeral articular fractures, by age and gender. lum. The trochlear ridge was involved in five cases, one of which also had involvement of the medial epicondyle (Ring type 2). Type III (comminuted). This was the least common fracture, occurring in only three patients, aged 48, 81 and 91 years. They were more extensive than the radiographs suggested, all involved the trochlear ridge, and one extended to the medial epicondyle. None was associated with a radial head fracture.
Type IV (McKee).
Of the 24 male patients, 13 (54%) had this coronal shear injury, which extended to the trochlea on pre-operative radiographs. It was also seen on pre-operative radiographs in 36% (20) of the females. Six (18%) type IV fractures, all in women, had an associated elbow dislocation, compared with 1 (2%) in association with all other fracture types. The type IV injuries were more common with high-energy trauma (Table III) . At operation most had more extensive articular damage according to Ring. 9 Only type IV injury, and the remainder were distributed across Ring groups 2 to 5 ( Table V) . Increasing age was associated with a greater degree of comminution, hence a higher Ring grade (Table VII) . There was no significant relationship between a fracture of the radial head and pattern of capitellar fracture (Table VI) .
Other associated injuries. Two males had more complex soft-tissue injuries, one a Gustilo and Anderson 16, 17 type 3a open Hahn-Steinthal fracture 11, 12 in a polytrauma case, and the other an ulnar nerve lesion in a McKee type IV injury without dislocation. The neurological symptoms resolved spontaneously.
The accuracy of pre-operative radiological assessment of the injury. Of the 50 fractures that extended beyond the capitellum at operation, 33 were identified on pre-operative radiographs and 17 were considered as confined to the capitellum (sensitivity 66%). None of the 29 fractures confined to the capitellum at operation was thought to be more extensive pre-operatively (specificity 100%). All 33 fractures thought pre-operatively to extend beyond the capitellum were confirmed to be complex articular surface fractures at surgical exploration (positive predictive value 100%), whereas, of the 46 thought to be isolated capitellar fractures from pre-operative radiographs, 17 were more complex at operation (negative predictive value 63%).
Discussion
This study confirms that injuries to the capitellum are rare, with an annual incidence of 1.5 per 100 000 population over 13 years of age. The higher prevalence in Lateral radiograph of a shear fracture of the distal humeral articular surface with associated fracture of the radial head. women over 60 years of age is probably related to the greater carrying angle of the female elbow and to postmenopausal osteoporosis. 18 Distal humeral articular fractures are usually attributed to a fall on to an outstretched hand, 19 and cadaver work 20 has shown that capitellar fractures can be sustained by direct injury in flexion and indirectly through an extended radius, as in falling on an outstretched hand. Both mechanisms may produce a coronal shear fracture. Indirect trauma may be associated with a fracture of the radial head, as observed in one-quarter of our series. It is likely that these fractures represent the extreme of a spectrum of injury that includes minor scuffing of the capitellum, often observed with radial head fractures. 21 Although the major types of isolated capitellar fracture were defined in the 19th century, the concept that they are often more extensive at surgery than initially appreciated from radiographs is relatively new. Accordingly, it is suggested that all fractures confined to the distal humeral articular surface should be considered a subgroup of distal humeral fractures 9, 22 and based on specialist imaging or operation, and classified as such. 9 Supported by low sensitivity and negative predictive values from plain radiographs, we confirmed the observations of Ring et al, 9 especially for type IV (McKee) fractures. Preoperative computed tomography (CT) gives more information to assist in pre-operative planning, as many articular fractures cannot be approached by a standard lateral incision. Ring et al's 9 study population were younger than ours, and that algorithm of internal fixation for all such injuries may not be appropriate in the elderly, who sustained the majority of these injuries in our series. Reconstruction may not be possible and hinged arthroplasty or non-operative treatment may be more appropriate in these patients. This study was limited by its inevitably retrospective design owing to the low incidence of these fractures. Although the information from pre-operative radiographs reflects typical clinical practice, the data from the operation notes cannot be of the same quality as one would expect from a prospective study. We believe all patients, especially those over 60 years of age presenting with a fracture of the distal humeral articular surface, should have a CT imaging, but acknowledge that a prospective study would be needed to determine whether this would alter their management.
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